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Evaluation of Thuringiensin for Control of 
Heterodera glycines on Soybean 1 

GREGORY R. NOEL 2 

Abstract: The efficacy of  ABG-6162A (1.5 L formulation of thuringiensin) for control of  Heterodera 
glycines on soybean (Glycine max cv. Williams 82) was evaluated in the greenhouse at rates of  0, 10, 
100, 500, and 1,000 ppm a.i. and in a field experiment at rates of 0, 3.4, 10.2, and 20.3 g a.i . /100 
m of row applied in an 18-cm-wide band. In the greenhouse, the 100-ppm rate was as effective as 
an equivalent rate of  aldicarb and caused no phytotoxicity, but the higher rates of  thuringiensin 
were highly phytotoxic. In the field experiment,  numbers of  females recovered from plots treated 
with thuringiensin at the 3.4-g and 10.2-g rates were greater '(P <- 0.05) than from plots treated 
with aldicarb at 20.3 g a.i . /100 m of row in an 18-cm-wide band or from the H. glycines-resistant 
soybean cv. Fayette. Yield of  the untreated Williams 82 control differed significantly only from the 
10.2-g rate of  thuringiensin, but yield of  untreated Fayette was greater than that from any of  the 
treatments involving Williams 82. 

Key words: aldicarb, chemical control, Glycine max, Heterodera glycines, resistance, soybean, soybean 
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Thuringiensin, the fl-exotoxin produced 
by Bacillus thuringiensis Berliner, is active 
primarily against certain orders of  insects 
(9). It is not a contact poison and must be 
ingested by the target organism. The  toxin 
inhibits RNA synthesis (8) and insecticidal 
activity is associated with increased levels 
of  physiological activity between stages of 
the life cycle, e.g., molting, pupation, and 
metamorphos i s  (9). Since the  feed ing  
mechanism of  plant-parasitic nematodes is 
different from that of  insect pests of  plants, 
it would seem unlikely that thuringiensin 
would be effective against plant-parasitic 
nematodes. However, nematodes incubat- 
ed in solutions containing the toxin were 
not as infective (4) and exhibited less move- 
ment and hatching (6) than those incubat- 
ed in toxin-free solutions. Use of  natural 
products to control nematodes may be 
more desirable from an environmental 
perspective than use of  synthetic carba- 
mates and organophosphates. Thuringien- 
sin is less toxic than nematicides currently 
registered. The  oral LDs0 for the 10 G for- 
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mulation is 9.4 g / k g  (1), compared to 1 
m g / k g  for aldicarb. 

The  objectives of this research were to 
compare  the  efficacy of  thur ing iens in  
(ABG-6162A, Abbott Laboratories, North 
Chicago, IL) to that of  aldicarb and resis- 
tant soybean (Glycine max (L.) Merr. cv. 
Fayette) for control of  Heterodera glycines 
Ichinohe race 4, under  greenhouse and 
field conditions. 

MATERIALS AND METHODS 

Greenhouse: The  1.5 L formulation of 
thuringiensin and the 15 G formulation of  
aldicarb were evaluated at the rates of  0, 
10, 100, 500, and 1,000 ppm a.i. on theH.  
glycines-susceptible soybean cv. Williams 82. 
The  H. glycines-resistant Fayette also was 
included.  Infes ted  soil (series Watseka 
[sandy, mixed, mesic Aquic Hapludolls]; 
surface layer texture = loamy fine sand, 
2.0% organic matter) used for the study 
was obtained from microplots on the USDA 
nematology farm at Urbana, Illinois, mixed 
thoroughly, and found to contain 336 _+ 2 
cysts and 208 + 8 second-stage juveniles/  
200 cm s soil. 

The  soil was apportioned into l-liter 
quantities in plastic bags, and the proper 
amount of  each pesticide was added. The  
soil was mixed thoroughly and 200 cm s was 
added to each of  five 250-ml pots. Soil for 
the two control treatments also was placed 
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in bags and mixed. Seeds of  Williams 82 
and Fayette soybean were germinated in 
vermiculite. One Williams 82 seedling with 
a 5-cm-long radicle was transplanted into 
each pot containing treated soil. In addi- 
tion, Williams 82 and Fayette seedlings 
were transplanted individually into pots 
containing nematicide-free soil. Each of the 
10 treatments was replicated five times in 
a randomized complete block design on a 
greenhouse bench. 

At 30 days after transplanting, phyto- 
toxicity was rated using a 0-4 system where 
0 = normal growth, 1 = slight stunting, 2 
= moderate stunting, 3 = severe stunting, 
and 4 = plant death. Plants and soil were 
removed from the pots, and the number 
of females was determined by Cobb's grav- 
ity sieving technique (2) using nested 850- 
urn-pore and 180-#m-pore sieves. Roots 
were placed on the upper sieve and sprayed 
with a strong stream of  water to remove 
females that adhered to the root system. 
Approximately 2 liters water was added to 
the soil from each pot and stirred vigor- 
ously; the suspension was sieved to extract 
females, which were counted with the aid 
of  a dissecting microscope. 

Since there were large numbers of miss- 
ing values due to dead plants and experi- 
mental units for which no nematodes were 
recovered, the PROC GLM procedure of  
SAS (7) was used to analyze log-trans- 
formed data (lOgl0 [x + 1]). Means were 
separated using Fisher's protected least sig- 
nificant difference (FLSD)at P -< 0.05. Re- 
gression analyses were used to compare lin- 
ear and quadratic effects of  thuringiensin 
and aldicarb. 

Field: A site was selected at the USDA 
hematology farm at Urbana in a field in- 
fested with 49-355 H. glycines race 4 cysts/ 
250 cm ~ soil. The  soil (series Drummer 
[fine-silty, mixed,  mesic Typic  Hapla- 
quolls]; surface layer texture = silty clay 
loam, 6% organic matter, pH 6.0) was 
maintained at fertility and pH levels rec- 
ommended by the University of Illinois. 
The previous crop was Williams 82 soy- 
bean. No fall plowing was done and the 
field received min imum tillage in the 

spring. The herbicide metolachlor was 
preplant incorporated at the rate of 2.78 
kg a.i . /ha. 

Treatments were arranged in a random- 
ized complete block design with four rep- 
lications. Each experimental unit consisted 
of four 7-m-long rows on 76-cm centers. 
The  six treatments included the suscepti- 
ble cultivar Williams 82 and the resistant 
cultivar Fayette as untreated controls and 
four pesticide treatments planted with Wil- 
liams 82. Thuringiensin was applied im- 
mediately before planting at the rates of  
3.4, 10.2, and 20.3 g a.i . /100 m of row in 
an 18-cm-wide band and aldicarb was ap- 
plied at the rate of  20.3 g a.i. Both pesti- 
cides were incorporated 5 cm deep into the 
soil with a rototiller. Thuringiensin was ap- 
plied with a four-row COs-pressurized 
backpack sprayer at 7.03 x 10 .2 kg /cm 2 
pressure and 748 l i ters/ha delivery rate 
through four Delvan (West Des Moines, 
IA) LE3 80 ° nozzles. Since the viscocity of 
the high rate of  thuringiensin might have 
interfered with accurate delivery, the pes- 
ticide was diluted with equal parts of  water 
and applied twice. Aldicarb was applied 
with a Precision Machine (Precision Ma- 
chine, Lincoln, NE) single-row applicator 
equipped with a Noble (Sac City, IA) me- 
tering device. Seeds were planted at the 
rate of  33 /m with a tractor-drawn two-row 
planter on 4 June 1985. 

Numbers of cysts and females were de- 
termined at planting and 6 weeks after 
planting, respectively. Twenty cores were 
collected with a 2-cm-d soil probe in a zig- 
zag pattern from the two center rows of 
each plot 3-7 cm from the base of plants 
and to a depth of 15 cm. Nematodes were 
extracted from 250-cm 3 aliquants by Cobb's 
gravity sieving technique (2) with nested 
850-#m-pore and 180-~m-pore sieves and 
counted with the aid of a dissecting micro- 
scope. The  efficacy of the treatments in 
controlling H. glycines was determined by 
comparing female counts and by calulating 
a developmental factor (Df = females at 6 
weeks/gravid cysts at planting). 

A two-row combine was used to harvest 
4.7 m from the two center rows of  each 



TABLE 1. N u m b e r s  o f  first g e n e r a t i o n  females  o f  
Heterodera glycines and  phytotoxic i ty  to soybean  6 weeks 
a f te r  ini t iat ion o f  a g r e e n h o u s e  e x p e r i m e n t  to eval- 
ua te  con t ro l  o f  H. glycines with t h u r i n g i e n s i n  a n d  al- 
dicarb.  

Treatment  (a.i. ppm) Femalest Phytotoxicity:~ 

Con t ro l  (Will iams 82) 310§ 1.0 
T h u r i n g i e n s i n  (10) 293§ 0.8 
T h u r i n g i e n s i n  ( I00)  301[ 0.8 
T h u r i n g i e n s i n  (500) 01§ 3.0 
T h u r i n g i e n s i n  (1,000) 0 ]] § 3.4 
Ald icarb  (10) 136 [[ § 0.3 
Ald icarb  (100) 23 [[ 1.0 
Aldicarb  (500) 0 [[ § 1.2 
Ald icarb  (1,000) 0l[§ 2.4 
Con t ro l  (Fayette) 31 I[ 0.3 

CV % 15.3 

One control and all nematicide treatments were planted 
with susceptible Williams 82 soybean. A second control was 
planted with the resistant cv. Fayette. 

"1" Number of females per pot containing 200 cm a soil. 
Based on s tun t ing  where  0 = none,  1 = slight,  

2 = moderate, 3 = severe, and 4 = dead plant. Data were 
nonparametric and were not analyzed. 

§ Differs from the Fayette control at P -< 0.05 using trans- 
formed data (log~0 [x + 1]). 

[[ Differs from the Williams 82 control at P --- 0.05 using 
transformed data (log~0 [x + 1]). 

plot .  Seeds  w e r e  c l e a n e d ,  d r i e d ,  an d  
weighed.  Mois ture  con ten t  was adjusted to 
14% and yields were  de te rmined .  

Data were subjected to analysis o f  vari- 
ance and means  were  separa ted  using Fish- 
er 's  p r o t e c t e d  LSD (P -< 0.05). Cor re la t ion  
coefficients were de te rmined  be tween yield 
and number s  o f  females and be tween  yield 
and Dr. 

R E S U L T S  

Greenhouse: Thur ing i ens in  at 100 ppm  
and  aldicarb at 100 ppm were  as effective 
as Fayet te  in r educ ing  number s  o f  females 
when c om p a r e d  with the  Williams 82 con- 
trol  (Table  1). T h e r e  was minimal  phyto-  
toxicity associated with these t rea tments .  
Aldicarb at 500 p p m also was effective in 
reduc ing  number s  o f  females, bu t  this 
t r e a tme n t  resul ted  in slight to m o d e r a t e  
phytotoxici ty .  No females were  r ecove red  
f r om thur ingiens in  at 500 or  1,000 ppm,  
and severe phyto toxic i ty  was associated 
with these two t rea tments .  Thur ing iens in  
at 10 p p m and aldicarb at 10 ppm were  
not  as effective as the  o the r  t r ea tments  in 

Heterodera glycines Control :  Noel 765 

TABLE 2. Effect o f  a ldicarb,  Heterodera glycines-re- 
s is tant  Fayet te  soybean,  and  t h u r i n g i e n s e n  on  H. gly- 
cines first gene ra t ion  popula t ion  deve lopmen t  and  yield 
o f  soybean  at  U r b a n a ,  Illinois. 

Females 
Treatment  and rate Yield (no./250 

(g a.i./100 m of row) (kg/ha) cm s soil) Dft 

Con t ro l  (Will iams 82) 1,597 47 0 .44  
Ald icarb  (20.3) 1,940 2 0.02 
T h u r i n g i e n s i n  (3.4) 1,743 38 0.36 
T h u r i n g i e n s i n  (10.2) 1,886 23 0 .34  
T h u r i n g i e n s i n  (20.3) 1,764 16 0.18 
Con t ro l  (Fayette) 2 ,680 1 0.01 

FLSD (P < 0.05) 222 17 0 .24  
CV % 7.9 53.4 72.1 

One control and all nematicide treatments were planted 
with Williams 82 soybean. A second control was planted with 
the resistant cv. Fayette. 

t Df = females at 6 weeks/gravid cysts at planting. 

reduc ing  the n u m b e r  o f  females, bu t  al- 
dicarb at 10 p p m  was m o r e  effective than  
thur ingiens in  at this rate.  Minimal phyto-  
toxicity was observed  with these two treat-  
ments.  Slight s tunt ing was observed  for  the  
Williams 82 control .  T h e  regress ion equa- 
tions re la t ing number s  o f  females (y) to 
t r ea tmen t  ra te  (x) were  y = 2 .239x - 
0 .0046 (r 2 = 0.94, P -< 0.001) for  the effect  
o f  thur ingiens in  ra te  and y = 1.918x - 
0 .0038 (r 2 = 0.94, P _ 0.001) fo r  the  effect  
o f  aldicarb rate.  T h e r e  were  no significant 
differences (P -< 0.05) e i ther  be tween  in- 
tercepts  or  be tween  slopes o f  these two re- 
gression equations.  

Field: Yield o f  Fayet te  was super ior  to 
all o t h e r  t r ea tments  (Table  2). Yields f r o m  
plots with the th ree  rates o f  thur ingiens in  
were  not  significantly d i f ferent  f rom the 
aldicarb t rea tment ,  and the lowest yield was 
ob ta ined  f ro m  the un t r ea t ed  Williams 82. 
No phyto toxic i ty  was observed.  Fewer  fe- 
males were r e c o v e r e d  f ro m  the  Fayet te  and 
aldicarb t rea tments  than  f rom the  3.4-g 
and 10.2-g rates o f  thur ingiens in  and the 
Williams 82 control .  N u m b er s  o f  females 
in plots with the  20.3-g ra te  o f  thur ingien-  
sin did not  differ  (P -< 0.05) f r o m  those in 
the Fayet te  and aldicarb t rea tments .  Sim- 
ilarly, Df  for  the  Fayet te  and  aldicarb t reat-  
ments  d i f fered  f ro m  the  3.4-g and 10.2-g 
rates o f  thur ingiens in  bu t  not  f rom thur in-  
giensin applied at 20.3 g a.i. T h e  corre la-  
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t ions be t ween  yield and  n u m b e r s  o f  fe- 
males and  be tween  yield and  D f w e r e  - 0 . 6 4  
and  - 0 . 6 2  (P = 0.001), respect ively.  

DISCUSSION 

T h e  efficacy o f  thur ing iens in  in con- 
t rol l ing H. glycines u n d e r  g r e e n h o u s e  con- 
dit ions was similar  to tha t  o f  a ld icarb  and  
Fayet te .  U n d e r  field condi t ions,  the  re- 
duc t ion  in n u m b e r s  o f  females  resul t ing 
f r o m  t r e a t m e n t  with thur ingiens in  was not  
as s t r iking as in the  g r e e n h o u s e  test, and  
the  yield increase  was not  as grea t  as tha t  
f r o m  t r e a t m e n t  with aldicarb.  N e i t h e r  thu-  
r ingiensin n o r  a ld icarb  p rov i ded  cont ro l  
equal  to tha t  o f  the  res is tant  cul t ivar  Fay- 
ette.  T h u r i n g i e n s i n  has po ten t ia l  for  use 
in cont ro l  o f  H. glycines. H i g h e r  ra tes  o f  
thur ingiens in  would be requ i red ,  and  the  
1.5 L fo rmu la t i on  would be impract ica l  be-  
cause o f  the  la rge  vo lumes  o f  liquid nec- 
essary for  appl icat ion.  A l t h o u g h  phy to tox -  
icity was not  obse rved  in the  field, the  
g r e e n h o u s e  s tudy showed tha t  phy to tox -  
icity could  be  a concern .  

T h e  m o d e  o f  act ion o f  thur ing iens in  in 
insects involves p r e v e n t i o n  o f  R N A  synthe-  
sis (8), bu t  the  m o d e  o f  act ion in H. glycines 
and  the  life stage o f  the  n e m a t o d e  af fec ted  
by thur ing iens in  are  not  known.  I t  is pos- 
sible tha t  the  activity was not  due  to thu-  
r ingiensin bu t  r a t h e r  to a n o t h e r  const i tu-  
ent  o f  the  f o r m u l a t e d  p roduc t ;  however ,  
p rev ious  studies (4,7) tha t  d e m o n s t r a t e d  
de le te r ious  effects o f  thur ing iens in  on in- 
fectivity, ha tch ,  and  survival o f  Meloidog'yne 
spp. involved use o f  toxin  ob t a ined  f r o m  
cul tures ,  no t  f o r m u l a t e d  mater ia l .  In  field 
soil, popula t ions  of  Meloidogyne were  lower  
at a site infested with B. thuringiensis and  
h ighe r  at a site f r o m  which the  b a c t e r i u m  
was not  isolated (5). 

In  cont ras t  to possible g r o u n d w a t e r  con- 

t amina t ion  f r o m  various synthetic,  soil-ap- 
pl ied nematicides ,  some na tu ra l  p roduc t s  
may  not  pose  significant e n v i r o n m e n t a l  
dangers .  In  a t t empt s  to cont ro l  insects, re-  
c o m b i n a n t  D N A  techno logy  has been  used 
to t r ans fe r  toxin  genes  f r o m  B. thuringiensis 
into epiphyt ic  bac te r ia  and  to p r o d u c e  
t ransgenic  plants  (3). D e v e l o p m e n t  o f  ne- 
maticides f r o m  na tura l  p roducts ,  especially 
those  with poten t ia l  for  genet ic  eng ineer -  
ing, may  p rov ide  a means  o f  al leviat ing en- 
v i ronmen ta l  risks. 
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